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PURPOSE: To accurately obtain a constant current with high precision by a small number of elements. 
CONSTITUTION: This circuit is equipped with a transistor(TR) Q1 which is applied with a set voltage at its base, a control 
TR Q1 0 which supplies a current to the TR Q1 when the set voltage is relatively low, a TR Q2 which is driven when the TR 
Q1 turns ON, and a TR Q3 which has multiple connectors; and the control TR Q1 0 is turned OFF as the set voltage rises 
and currents are supplied to the TRs Q1 and Q2 from the multiple connectors of the TR Q3. 
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1 

[ 23 3c ^ 1 ] IS^^iESr'K-XCeiJjn^tlsmicOh 
^>^x*£* K^«J£#it<£W/JxS ^<fc$lcfflrgE5* l 

i2(Dh7/yA^. 7i^Dl/i7^$^t5l3© 
h ^ > :/ X y? £ , i!S^2©h7>yX^t; < i:0B3C0 

ift 22 3 CO h y > is 7s 9 OT u 10 
U * * rt> S ffi ffi £ 1 <D h 7 > * * *i <fc fg 2 © h 5 > 

[ 13 2 ] S^*BE*^ — XCRliaStl*»l©h 

©h7>S?^^i:ti$m5^fflh7>yX^ 

8SI»ritt5ttiftffl h7>->'X^ t, gtJ 1 CO h 7 > 
^X*CO^@tCteCTtt#$n<5f?l2cO h7>yX^ 

h7>yX^^#^Itl, iiiUBfg 3 CO h ^ > 

[fgjfc^ 3 ] IS^^JES:^ — XC^j!in$n-6% 1 CO h 
7>zSX?£. $3i7£n!£&tt&$}fris ^ £ g- tCwf!2^ 1 
CO h7>yX^i:t^^Mt6Mffl h 7 >y^ 

b*I2£S 1 co h 7 > vX*co*?2Hc£:i;Ttt#££tl<5 30 
^2C0h7>yX^i, CC0^2C0h7>yX^C03rt 
co^SSr^ffi-rsnw^U — v^^nu^^^W 
r5^3Cb7>yXn, m&m2 <D b 5 >iSX? IZ 
<fc9ffS3coh7>^X*£;frLTl£^£n*ffi;*jJfJ h ^ 

AU-^coai7JtC<tO^IB©J^I« h7>:xXy*£#iSj£ 
£: L , BiJldSI3C0h7>yx^^>v;U5 1 nU'^5'^bBtjf 
22 £5 1 CO b v > is X * i3 <fc txm 2(7)h^>i;^^c«^ 

[is#jg4] i2^mji£-;-xicEpan$nafg 1 op 40 

NP hyyy^^t, « W * JS C X £ y * £ « « $ n ffi 
22 51 1 CO P N P h7>yX^£OX$7^f:3l/^;$g. 

i^snx, &femiE&it&$}'^iz ^ t sicgae^ i co b 

7>y7^I$-^ «cm^$r«^-T a ©1® J8 P N P h • 
7 >iSX9 Z\ <D ffiW m P N P b 7 > is X ? £ £ b IZ 
*U->h5^-lHl^$:«p£-r^yj^^PNP h 7 > X 
^<h, hijTIS^ 1 CO P N P h ^ > >>X * COX ^ y ? C ^- 
X^S^Sni^aONPNhyyyX^t. T^T^H 
^^^WL'- # co 3 £ iffilHfS lWPNPh*7> 

£yX^<0X=-y^tc^^Ltey7*C0DU^^$;Baie^2C0 50 



2 

NPNh 7 yyX^©Jl/y^ 3 CO P N P 

h 7 > y X ^ t . iftUW, 2 <D b y > is X 9 \Z & *) W, Z V> 

h7>yX^$^lTSi(i$niai^fflPNP h^>>? 

p b 5 > is £&m&£VTm$zmwm p n ? b?> 

i/Xf&frmmtls* B^IS^ 3 CO P N P h ^ > v^X ^ CO 
V □ l/^7^^biiJ!2i 1 COPN P h^>> ? X^cox 
a-y^i5j;tf£S2C0NPN h 7 >->'X ^(D 3 1/ i7 ^ t:f 

[ntjfcji 5 ] is^^ii^^-xc^uo^n-s^icop 

XPb?>isX?£. &j£mK.&it&#)'hZ^£Zlzm 

ibiiopnp h7>v ? x^cox^*7^tcmd£^^^"r 
a^ifflMos h7>yx^t, m 22 i co p n p h 7 

yyX^^X$7^f:^-X^«^$n5^2(DNPN 
h ^ > X ^ i: , CC0^2C0NPN hyyy'X^OX^ 

/£i& £ Jg^f -5 3 > A U — 9 £ , ^Jl'T^nU^^SrWL 
-yT-CDuU^^^HfHe^lcOPNP h7>yX^OX> 
v * lZ&ticlsfaJj<OZi l/^^$s5IBg20NPN 
yX^co^U^^i;S^T5%3©PNP h^>>?X^ 
<h , iSE^2WNPN H7>yX^CJ:^3(OPN P 
h^>>?X^$:7>LT!SSj$n^>ai 77 m PNPhyyy 
X^i^fll*. IS^^I/Eco±#C^ CX. h5I23>/^U 

- ^ coai 77 g(fi2^^m mo s h ^ > ^ x ^ coy- h tc 

£PaoLTCl;ft£#*g®<t: h5I2^3coPNP h7>y 
X^C07;i/fJl/^^^6^!S^l(DPNP h ^ > fy X 
9 COX = ^ iJi^^ 2 CON P N h7>yX^WDU^ 

C^SylcO^aa^Ut^] 
[ 0 0 0 1 ] 

C^fg-tcofijtf frfH cco^^tt, I C^Cffl^ 

T ^> t> co T ^ -5 . 
[ 0 0 0 2 ] 

[«£5feco^fR] S 3 co J: ^ V iniC J: 

0 ttflS I ^ U^LTU^:. @31C*5^T. 
J£Vin$:^Sri«ig. QlliPNPh7>yX^^b 
^5^KOh7>yX^, Q2liNPNh7>y^^^ 
b^5^2C0 h7>yX^, Q3(iPNP h7>^X^ 
75^^-5^3COh^>5yXy7 % Q4-Q5ttPNPh7 
>> ? Xy7 7 5^^^ > ti577 ffi (^^4 • ^5£Oh7>yX^T 

[0 0 0 3] h7>y^^QUh7>y7 
*Q 2 «hco^-X®EEVBE^^b^<tf nti, ^^^m 
Vintia *co^i£<h^ U < ^ 0 (^^^EE V in= a &m 
fi£) . IS^^S V inlcttJSLXtmdSt I d<dSn^> d £ C 

L^b. aS^^/E V in^^ffc-T ^ <b , h^>^x^ 
Q 2 C5ftn*^^ri<£{fc;-r*. h7>y*X^Q2co^- 
Xf /EVBEtt. VBE= VT • in ( I / I s) T^^COT. 
IS^^|/EV intfiStitT Z> £ . h^>> ? X^Q2cO« — X 
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3 

[0004] z<D£g. z.<Dmm&m&-?2 z> & ? & ~> 

X^ATCcO0&£m>*<hf2iSi&^7M. igfgg^gjfc 

[ 0 0 0 5 ] ^ii. a *<&m&&&m&V7£® 2>&%:<D 
^Stlt, S 4 CO <fc ? Id » :*^7>:7"<Z>^!f§iS£ffJffl 

c o o 0 6 ] 

[0 0 0 7] 35 2 <B3E9ni* £*§ScOl£md?t£'>£:^;?g 

[ 0 0 0 8 ] %30%^tt. i£t£gC05£mfi!£4>&t,>3t 

[ 0 0 0 9 ] ^4(0^^1^ iH^g(Otf S$'>^^^ 
TT'MlZft&lzmz Z. 2>7£miMisl&$:m&V<Z: 

[o o i o] us 5 (o&wiz. &tsm<Dmnm&'Pte^m 

- ®&&IZ&Z Z. Z7Zmdii\2!&&m&: 
[0011]" 

is^cE^^-xcepansneffi i co b ^ > -/x ^ 

^^^GE^tt««65/h$^i:^^^IB^lcDh^>>?X^ 
lc*«c£{fctt*r ZfflWm h7>y7^ fffifSfl 1 co h 

^>^x*coajsicftt;Ttt^£ne3i2co h ^ > x 

Sfl 12 £S 2 CO b 7 > i> X 9 IZ<£ 3 <D b 7 > V 7.5 & ft 

(0±Rlz&CT* ffiSSHOMl b 5 >^X * £#3*i£<h 
L, fotZ^ Z <» b ^ > <T)^ )\,^z\ \s >7 5 fr*>ffaQ 

fg 1 CO h ^ > X ^ & £ fg 2 CO h 7 > ^ X * tC ^ dS £ 

[0 0 1 2] 2 <0%^K:fc^Tte, iS5£?g/££^-X 

*S H£€M;:wlE3B l co h ^ > >*X 5^ IC^cfcSr&l&T * 

(C^U>ha^-(eI2SS:«$^T-6^^ffl h 5 > X * 

guess i (?) h ^ > ^x * (Dmm i;tf**$ n* 

f£ 2 CO h7>yX^t. T;U^nU^^€:W-r-5^3^) 
h^Vi/X^ch* H^IB^2CT)h7>>?X^^ e fc0m3<D 
h 7 > yX^^^LTISIi^n^aj^ffl h ^ > -^X * t 

3 <n b 7 > is u ? ? z> {fit?. 



4 

[0 0 1 3] ^3^%b«(;^^TH, t5^^J3E^^-X 

/h $ n £ ^ c h& §2 ss 1 <o h ^ > x * \z m m & m& r * 

l:$i:Tft»$n5^20h7>yX^t 1 d CO JfS 2 CO 

N^>> ? x^oRiT^<o^a$r^{±i-r^^>/^U'-^<h, 

7J^n^^^ttS^3©h7>yX^(i:, 
10 2 0)h7>y7^i:J:^3^ h7>yX^^^LTSK 

i^i^t, ifttan >/t u-^ coas7jic<fc 0 mtzrnwm b 

7>yX^$#§I«!:L i!*fBifS3<Oh^>;yX^cov 
;U^HUi7^^e8tllS^10h^>vX^i5<t^m2<D 

[0 0 1 4] 31 4 COfge^ id** l^T tt, g!5£^/£$:^-X 
tCEPJ!lD$n<5^1<7)PNPb7>> ? X^t» MWMl&lZ 

x^7^^^^$niii?^i0PNP x 9 <r> x 

20 £ £ iZwl&m 1 CD h 7 >y*X^(7)xa 7 ^iCt^^l^ 

•fet5ffl»«PNPh7>yZ^t. COSlifflPNP 
h^>vX*£cht>tC*U> h$7-@^$if)ct5^ 
ifflPNPh7>y7^t, i!2^1©PNP l^7>y 
7^Iv;^l:^-Xi&^^Sn5^2©NPN h 7 
> X * <h , 

f2|g 1 CO P N P h7>yX^©X5 -ySMZteSgLflS^CO 
Zi U ? * Zffitzn 2 <DN P N h7>yX^«3l/^^l: 
Sit5^3(0PNP h7>y^^t, H*f2fg2coh.^ 
>yX^C < tO^30h7>yX5'$^lTSKSi$ns 
30 &Xm b 5 >zsX* &7tnEE<D±.&izmc* 

wimW&m P N P K^>:xX*£#@ffi<hLTHfJiEfaPP 
fflPNP h7>yX^$#«Iib, ift32Sg 3 (D P N P 
h 7>yX^(DT;P5 L 3 1/^^^^h5£% 1 (D P N P h 
. 7>yX^(DX5 7^*«tt;^2a)NPN h7>yX^ 
con *(:ifgft£{KI&T*. 

[0 0 1 5] f& S <D5ZWlZ&^Tte. g!3£^jf££:^-X 
l:BlAD$n5^ 1 ©PNP h7>yX^«»:, 
J£&ft'h$^<ht*i;:iftS2!glC0PNP h 7 >yX^©I 
S -y 9 tC3lcft£:&#jT'5©Jf?£JMO S h^>^X^t, 

40 grr ga^ iopnp h^>->'x^cDx^-y^ic^ — x^fg 

«$nii20NPNh7>y7^«!:; C0^2^)NP 
Nh7>yX^OX> 7 ^l:-^^A^«f 

v;U^3U^^$rWU-^onU^7^^HtJIS^l^PN 
P h7>y'7^(OX5 y U^^€:HtJ 
S%20NPN h7>y^^©Dyi7^i;S^f^i3 
COP. NP h 7 > y X ^ t , HtJIB^ 2 CO h ^ > v?X^ C J: 
0Sg3cOh^>^X^«:7>UT^©J$n / 5ai7Jfflh7> 
^X^t^rf^^, IS^^/£CO±#{I^ CT, fflfie=3>A 
50 ^-*C0ffi;/j£Hft!S#llSPraMOS h7>yX^®y-|>. 
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ceP5aLTcn£#2?a£L. it* tens 3 co p n p h ^ > 

[0016] 

[f£ffl] fg 1 <D389nMi. ^^/Etftt&fcj/h £ <h # 

7 > ^X ^ tffg 2COh^>:xX* IC^I^^^^ $ 

n. ^3coh7>yZ^^^UttH^ffl h7>yX^d< 

tfi:ilOh7>yX^i:||i« h7>yX^i:«tO 
nmtf&t&ZtlT. 2 <D b 7 > i? X? 3 <D b 

«koa»ffl h7>->'x^*«#»itsnT. lis 3 co h ^ 

[0 0 1 8 ] mZtD&WClt, &7£nf£tftt&ft'^2 ^ 

£.£iz & 1 <z> b ? >-i?7>* izmmm b ? >zsx*\zj:o 
mm&m&znT . m 2 <d b v > zsx 9 isitvcss 3 <d b 
5 > ¥ ? isTttiti m b ? > zs * ? &mmz ti* is 
femf£<n .t&izfc i;t. a u-^ CO £ti 77 (C<t 0 ©115 

o>-? fr^zi U^^^b^l(Dh7>yX *5cfc 2 co 
b ? >i?X*lzmtiii&m&2tl. W. 3 CO h >*X ^ £ 
7>LT£tl7Jft h7>yX^^KId$n^. 

[00 19] ^4W^^TIi. ^^^EE^it«^/h$ ^ 
ttl:^l(OPNP h7>y*X^i:ieUIIPNP h^> 
i/X * CJ: Qmfo&mt&Z ftT . ^2(DNPNh7>y 
X * *5<fc 3 CO P N P h ^ > y? X 9 £ t> L T £ti 77 ffl P 
NP h^yX^^iSd^tl, ^£^JE<0 Ji^tC^ C 
T. ^J^fflPNP h7>y7x^co#§®C,i:'0^1SIffl h 
7 > y X 9 &&mm <b $ ftX . %3(OPNP h7>yX 
*cov;i,^n Ui7 l © h 7 > :/ x is <fc |g 2 

©NPNh7>yX^I:fi^i^$n, 5S3WPNP 
^VyX^S^UTdi^fflPNP h ^ > v?X ^Mft 

[0 0 2 0] 5 VRWTU. ^^^/3E^lt«6«J/jN$^ 
ttlC^lWPNP h7>-7X^i:«Wffl h ^ > v X ^ 
l:<k0f id^Jg$nt, 352(0NPNh7>yX^i3 
i^jg3©PNP h7>yX^$^LTffi/3fflPNP K 

? >isx9&mm$ft. a«*iEo±»c«;i:T. 3> 

/^U-^cOfcbTjtliO H» ft PNP h ^ > y? X * 
Itcni. I5 3cOPN'P h7>yX^(D7il/f 



4 V->' 

6 

^^e^ltOPNP h 7 > X *3 <fc Jg 2 CO N P N h 
^ > y-- X ^tC ^ & & £ *1 , ^3(OPNP h7>y7 
^£7>UT£i577fflPNP y^^^id^ns. 
[ 0 0 2 1 ] 



nfcm i . SKDi^cig^t^. hi 


\Z 


£5 lr* 


T, 1 




QiiiP 


N P h^>> ? X*^£>3:.5£|icoh^> 




X^ 


• QlOte 


PNP h7>i?x^^5ft«a?pjg h7 


> 


:/X 


^. Q2 


tiNPN h^>v ? X^^e/cC^>m2CO h 




> i? 


X ^ . Q 


3liPNP h7>yX^^/i^7j^ 






^tfcoig 


3c0h^>>*X^, Q4 • Q5I1PNP 


h 


7 > 




b^5Hi^MC0g4 - g5c7)h7>y7> 




. Q 


6 UP N 


P h^>> ? X^^e,^^^6c0h^>^ 


X 


9 . 


Q 7 liN 


PNh^>^X*7^6&Slg7<Oh^> 


y? 


x* 


, Q8li 


PNP S7>y/;^^e^5^8cT)h7 


> 


y?X 


9 . Q 9 


IJNPN h7>yX^^6)5:5^liffl h 




> V 7 


X 9 


h7>yX^Q9 iictc^Q lOtefg 1 


CO 


7J U 


>h$7 


-E!8&«:*»fi£U.. h7>yX^Q3 • Q 


4 


♦ Q 


5 • Q 6 


te?£2<£*lx>h = ^-®&&£#tfi£T<5 








[ 0 0 2 2 ] V iQCOmJ£M#/h 




l^te. SH 3 


Wh7>yX^Q3 -tiJ7JftS^>;xX 




Q 4 


•Q5- 



6 CO h ^ >yX * Q 6 K tt*fiii^S6nT ^ T <t 

. h7>5;x^Q8 • Q9 • Q10- R7Ti«Stl5 

m&iz£ o b ? > is** q i iznm&m&T z>. 

ffiVinc7)t)£l35U^7T<5t. h7>y*X^Q2i: 
ttflS^SSnai L . "^^^ii V-infi a S S # U 

<^:^> (Vin^a^^tt) . Z <D <b # com cfcfg « V in^- 
R 4 <h -5 • 

30 [ o o 2 3 ] Tznm&mtiz h ^ >>?x^q 7 a<o 

Nl/. h7>yX^Q8 - Q9 'QlOiiOFFL, h7 
> zS X 9 Q 1 <D3L * y 9 Mffi.lt b ^ > is 7. 9 Q 3 COT )], 
^=11-9 9<D-Jjfr*>m&2ft*. h7>yX^Q3c7) 
n u ^ 9 cote^U h7 >yX^Q2con i/^^i: 
j^^^nt^i/tii). h7>yX^Ql«hh7>yX^ 
Q2Cte^Ll>^cfiri<dftn*. tJEoT, b ^ > zs 7. 9 Q 
^ Uh7>yX^Q2 CO^-xmiE VBE*^ U < ^ 0 . 

V iati a .^comCE i: ^ L < U * (Vin=a«&^ 
tt) • CCOPS. h7>yX^Qlth7>yX^Q2t 
40 tC^tett^ P N P <h N P NcO^UKcfc ^>>S— X^Ji VBEco . 

[0024] ^ fig «»J 2 . 02cO<t^C«fiJc-r<5, S 2 I: 
*5^T, 1 U^^mffi V in£&5£-r ^^l®. 2«^©m 
iS, 3 teZl >/\U — 9 . Ql«PNPh^>y?X^^e» 
/i^^lcT)h7>yX^, Qllli^liliMOS h7>y 
7s 9 . Q2liNPNh7>yX^^b^^^2©h7> 
vX^, Q3ttPNP h7>yX^*^^5TJl,f3U 
^^#CD^3<Oh^>>?X^, Q4-Q5liPNPh7 
>vX^75^^e£t37jmc0^4 -^5C0h^>>?X^T 
50 ^-5. 
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7 

( 0 0 2 5 ] B^.mf£ V inOttJEaojxS nRHi. h 7 > 

in<0^fiE#*:£ < T^t, a ,£<75^/£t^i3 >A 
^2^)lt?tEVref <k 0 X # < <£> £ , h7>/7^ 
Q 1 1 £ O F F £ it , h^>vX^Q3<7)^;U^r3U^^ 

[ 0 0 2 6 ] C CD £ # . S2pmi3EVref (D IS 3£ fl »r z> I* 

[ 0 0 2 7 ] 

[0 0 2 8] S20»Wi:intf, &*gg©5£ti£iSE£:'> 

[0 0 2 9] M 3 <V5£W\Z±tHZ. i§i^g0^t^$'> 



CH l ] 




8 

[ 0 0 3 0 ] m 4 <D3fi9IC «fc*Uf, i§5*5g<D^^0?t£:'> 
[ 0 0 3 1 ] 5B5©«WCJ:ntf. i§5*§^<D5£ttSSt£4> 

[®®<of3im^ittW] 

[ai] c^^^c^i^^^iitci^^mDSs^^^-r 

[02] d^>5ew©^J6W2C«k«^«85lH|»*^-r 

img&0T£>*. 

[03] ^^<D^^|^lHlg&CD^I€:^-r(HJSS0T^<b. 
[0 4] t££<a^^o?t@&c7)tecD#]£^T0&0T& 

l ^SiHfflfig, 2 3 nwtu- 

5^,Q1 ^l(0h7>yX^. Q2 ^2(7)h7>y 
X? . Q 3 ®30^7>yX^ l Q4 g4(0h7> 
Q5 ^5©h7>y^^, Q6 ft 6 O 'h 9 
> is 7. 2 . Q7^7©h7>yX^ Q8 
>v?X^, Q9 SJ&ffl h7>y'X^, Q 10 ftiiSS/Bh 
7>yX^, Qll fflWm h ? >zSX*. 
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